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SU?/IMARY 


A  considerable  amount  of  tv/o-  and  three-dimensional 
data  on  the  effectiveness  of  ailerons  without  exposed 
overhang  balance  has  been  collected  and  analyzed.   The 
trends  indicated  by  the  analysis  have  been  summarized  in 
the  form  of  a  few  approximate  rules  concerning  the  effec»-^ 
tiveness  parameter   Aa/A5   (at  constant  lift):   Thickening 
and  beveling  the  trailing  edge  (as  measured  by  the 
tralling-edge  angle   pf)   will  generally  reduce  the  effec- 
tiveness about  0.5  percent  per  degree  of  bevel  for  ailerons 
sealed  at  the  hinge  axis  and  about  0.6  percent  per  degree 
of  bevel  for  unsealed  ailerons.   A  0.005c  gap  at  the  hinge 
axis  usually  reduces  the  effectiveness  approximately 
17  percent  for  flap  chord  ratios  of  0.2.   This  percentage 
Increases  as  the  flap  chord  ratio  is  reduced.   The  effec- 
tiveness is  about  lij.  percent  lower  at  aileron  deflections 
of  20°  than  at  aileron  deflections  of  10°.   At  large  angles 
of  attack   (a  =  10°)   and  for  chord  ratios  of  about  0.2, 
positively  deflected  ailerons  are  approximately  20  percent 
less  effective  than  negatively  deflected  ailerons.   The 
deflection  of  partial-span  flaps  has  no  consistent  effect 
on  the  effectiveness.   Increases  in  '/[ach  number  and  forward 
movement  of  the  transT.tion  point  decrease  the  aileron  ef- 
fectiveness . 

No  consistent  deviation  of  the  experimentally  deter- 
mined values  of  static  rolling  moments  from  those  values 
predicted  by  the  lifting-line-theory  method  could  be  de- 
tected.  Because  the  several  factors  neglected  in  the 
lifting-line  theory  apparently  are  fairly  small  and 
counteract  one  another,  on  the  average,  no  additional 
correction  need  be  applied. 
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niTRODUCTION 

A?  a  part  cf  the.  ganeral  lateral-control  investi- 
gation by  the.  ':^hC.\,    the  large  amount  of  two-  and  three- 
dimensional  data  on  the  rolling  effectiveness  of  ailerons 
without  exposed  overhang  balance  is  collected  and  ana- 
lyzed in  the  present  paper.   The  main  purpose  of  the 
analysis  is  to  determine  any  fairly  consistent  variations 
in  the  effectiveness  of  these  ailerons  with  the  various 
design  variables  and  criterions  of  similitude. 

Th':.  secondary  purpose  of  the  analysis  is  to  evaluate 
experimentally'  the  limitations  of  lifting-line  theory  ■■  i 
with  regard  to  the  estimation  of  aileron  rolling  moments 
from  section  data. 

SY^IBOLS 

C^         wing  lift  coefficient 

Cr         maximum  win':^;  lift  coefficient 
-^■"max 

c,  section  lift  coefficient 

Cj  wing  rolling-m.oment  coefficient 

a  angle  of  attack,  degrees 

5  flap  or  aileron  deflection,  degrees 

b  vving  span 

y  spar.'wise  location 

y^  spanwise  location  of  outboard  end  of  aileron 

y^  spanwise  location  of  Inboard  end  of  aileron 

S  wing  area 

A  aspect  ratio  \^~/^) 

X  taper  ratio,  that  is,  fictitious  chord  at  tip 

divided  by  chord  at  root 
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m'inc  chord  at  any  section 

flop  chord  at  any  section 

aileron  chord  at  any  section 

airfoil  tralling-edge  angle,  degrees 

Mach  nijiiiher,  ratio  of  free-s-creain  velocity  to 
velocity  of  so'-ind 

Reynolds  nuznber 

slope  of  curve  of  section  lift  coefficient 
against  angle  of  attack  at  constant   5 


^0  0 


/a 


A  a/A  5 


(Aa/Ao); 


K 


sD.ope  of  curve  of  pection  ll'^t  coefficient 
against  flap  deflection  at  constant   c 

section  flap  effectiveness  -oarai-neter ,  that 
is,  ab3oli:Lte  value  of  ratio  of  equivalent 
change  in  angle  of  attach  to  angle  of 
flap  deflection  measuj'ed  at  constant  lift 

aileron  effectiveness  parameter,  that  is, 
ratio  of  equivalent  change  of  angle  of 
attack  to  angle  of  aileron  deflection; 
suheorlpt  5  indicates  that  values  are 
computed  from  tliree -dimensional  test 
daisa  by  use  of  llftlng-line  theory 

theoretical  or  experimental  correction  to 
llfting-llne-theory  values  of  rolling 


moment 


R Aa/Ao) 


Ac /a  6 


T  'Adnd-tuirinel  turbulence  factor 

Subscript   0=0°   to   ±10°,   5=0°   to   ±15°, 
or   5=0°   to   ±20°,   etc.,  indicates  range  over 
which   Aa/A5   or   (Aa/A5)7   is  evaluated. 
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The  characteristics  of  the  two-end  three-dimensional 
models  and  the  air-flow  characteristics  of  the  v;ind  tun- 
nels in  which  the  models  were  tested  are  sum^narized  in 
tables  I  and  II,  respectively.  The  data  as  given  in  the 
orir:inal  reports  ("references  1  to  2[j.)  were  in  many  cases 
uncorrected  for  the  effects  of  the  jet  boundaries  or  for 
model  deflections.  It  was  found  essential  to  apply  such 
corrections  before  the  data  could  be  correlated. 


Reduction  and  Presentation ' of  Data 

Section  data.-  The  effectiveness  parameter   Aa/A5 
is  the  section  characteristic  of  flaps  that  determines 
their  ability  to  provide  rolling  motion  when  installed 
as  ailerons  on  an  airplane,  provided  the  analysis  is 
based  on  aileron  deflection  rather  than  stick  force. 
This  parameter   Aa/A6  is  equal  to  the  absolute  value  of 
the  change  in  angle  of  attack  necessary  to  neutralize 
the  lift  produced  by  a  unit  flap  deflection.   The  effec- 
tiveness parameter  was  determined  from  the  section  data 
of  references  1  to  I5  by  plotting   a   against   5   for  a 
constant  section  lift  coefficient  c-,      and  measToring  the 
slope  (absolute  value  of  slope  used)  of  a  straight  line 
through   5=0°   and   5  =  10°   for  the  effectiveness  at 
small  flap  deflections   f Aa/A5) g-^o^^  ^qO   and 

through  5=0°  and  5  =  20°  for  the  effectiveness  at 
large  flap  deflections  (  Aa/A5)g-oOtQ  20^  •  ^^  -^^  often 
convenient  in  the  analysis  to  consider  the  limiting  case 

(ccj/c5)^ 
of   da/65,   which  Is  equivalent  to  -f: — — f— .   For  prac- 

^Oc7yoa)5 

tical  purposes,  the  values  of   ( Aa/A5)  q-qO^^ -j^qO  are  very 
nearly  equal  to  the  values  of   6a/d5. 

Static  three-dimensional  data.-  In  references  25 
and  2Dare  presented  charts  for  estim.ating  the  rolling 
moment  caused  by  aileron  deflection.   The  charts  were 
calculated  from  lifting-line  theory  for  various  wing  and 
aileron  plan  forms  f  or  a  slope  of  the  section  lift  ciorve 
of  0.099  per  degree.   The  general  method  for  using  the 
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charts  to  determine  the  rolling-moment  coefficient   Cj 
is  to  evaliiats  graphically  the  following  integral  across 
the  aileron  span; 

C^ 

''b/a 

or 

C^  =  5— -^K  /A£  d^  (lb) 

''     C.O99  J  A5   a 

Vi'here 

Sq         slope  of  section  lift  cjirve,  joer  degree 

K  experimental  or  th3oretioal  correction  to 

lifting-line  thcjory  {to  be  evaluated) 

Aa/A5      experimental  section  lift  effectiveness  of 
aileron 

C^/a   is  determined  from  the  charts  of  reference  25  or  26, 
and  y   Is  measured  along  the  -;ving  span.   If  Aa/Ao   is 
constant  across  the  aileron,  the  integral  Is  equal 
to   Aa/A5   times  the  difference  between  the  end  values 
of   C-j/a. 

Fost  of  the  models  studied  had  ailerons  of  constant 
chord  ratio  and   Aa/A5   thus  was  a  constant.   By  in- 
serting experimental  values  of   C^   and  chart  values 

of   C-,/a   in  equation  fla),   ^—  f~-]        or  its  equlva- 

lent   -2 —  K-— -  therefore  could  be  evaluated.   A  few 

0.099   A  5 
erroneous  values  in  references  25  and  26  were  corrected 
and  the  cuTves  were  refaired  to  be  similar  to  the  known 
fairing  for  elliptical  wings.   By  using  section  data  to 
estimate   aQ   and   Aa/A5,   the  value  of  X  could  be 
experimentally  evaluated.   If  section  data  for  evalu- 
ating  aQ   were  not  available,   a   was  estimated  by 
using  the  m.easured  slope  for  the  finite-span  wing  in  the 
llfting-llne-theory  formulas  (reference  27)  corrected  for 

COI^FIDSOTIAL 


6  CONFTDSMTIAL     MCA.:.GRNo.  LliEOl 

the  edge  velocity  by  the  methods  of  reference  28.   For 
these  cases  In  which  a^   could  not  "ue  satisfactorily 

estimated,  the  data  are  presented  as —  (  —  )  • 

0.099  VA5/5 

'^or  the  few  cases  in  v;hich  the  aileron  chord  ratio 
was  not  constant  across  the  aileron  span,  the  integral 
of  equation  (la)  was  evaluated  by  usin^>5  the  section  data 
of  figirre  1  to  estimate  the  variation  of   Aa/Ao 
with  Ca/c ;   thus  an  effective  average  value  of  Ca/c, 
weighted  according  to  the  ability  of  each  spanwise  ai- 
leron section  to  produce  rolling  noment,  was  evaluated. 


DISCITSSION 
Effect  of  Viscosity 

From  figiores  1  and  2,  the  effectiveness   Aa/AS   of 
sealed  plain  flaps  and  allurons  with  small  trailing-edge 
angles  is  seen  to  be  considerably  less  than  the  theo- 
retical values  for  thin  airfoils.   L':ost  of  the  decrease 
in  effectiveness  may  be  attributed  to  the  influence  of 
viscosity.   The  effective  surface  or  boundary  of  the 
airfoil  is  displaced  from  the  actual  siur-face  by  the 
amount  of  the  so-called  displacement  thickness,  which 
is  the  height  of  the  mean  ordinate  of  the  velocity  dis- 
tribution in  the  boundary  layer.   Because  the  shapes 
and  thicknesses  of  boundary  layers  vary  with  pressure 
gradient,  transition  location,  Reynolds  number,  Mach 
number,  gap  at  hinge  axis,  etc.,  the  effective  airfoil 
shape  varies  with  these  factors. 


a 


The  flap  effectiveness   Aa/A5   is  less  than  the 
theoretical  value  because  the  rate  of  increase  of  the 
thickness  of  the  boundary  layer  with  flap  deflection, 
v;hich  results  from  the  high  adverse  pressui'-e  gradient 
behind  the  hinge  axis,  is  usually  greater  than  the  rate 
of  Increase  of  the  boundary-layer  thickness  v/ith  angle 
of  attack.   The  slope  (dci/dQ^        is  therefore  decrease 

more  bjr  viscosity  than  is   fdcj/daV;   Aa/A5   is  thus 

decreased  by  viscosity.   The  larger  the  flap  deflection, 
the  smaller  the  effectiveness   Aa/A5.   The  section  data 
of  figure  5  and  the  finite -span  data  of  figure  k.   show 


d 
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that,  at  low  angles  of  attack,  the  effectiveness  at  flap 
deflections  of  20°  is  approximately  ll].  percent  lower  than 
the  effectiveness  at  flap  deflections  of  10°.   At  high 
angles  of  attack,  approximately  the  same  reduction  occurs 
(fig.  5)>  except  for  the  gap-unsealed  condition  in  which 
little  consistent  reduction  is  in  evidence. 

The  effect  of  viscosity  upon  the  aileron  effec- 
tiveness depends  markedly  upon  the  pressure  gradient.   T 
The  direction  of  the  deflection  of  an  aileron  would  be 
expected  to  have  little  effect  at  small  angles  of  attack 
■because  the  pressure  distribution  at   5  =  6°   is  very 
nearly  the  same  on  both  surfaces.   The  data  of  figijre  6 
verify  this  deduction.   At  high  angles  of  attack,  however, 
negative  aileron  deflections  reduce  the  adverse  pressure 
gradient  whereas  positive  aileron  deflections  increase 
the  adverse  pressure  gradient.   A  lower  effectiveness 
thus  m.ay  be  expected  for  positive  aileron  deflections. 
The  data  of  figui^e  7  indicate  that,  at  an  angle  of  at- 
tack of  10°  and  for  chord  ratios  of  about  0.2,  positively 
deflected  ailerons  are  about  20  percent  less  effective 
than  negatively  deflected  ailerons.   This  effect  appears 
to  increase  with  aileron  chord  ratio. 

The  gap  at  the  flap  hinge  axis  allows  the  low-energy 
boundary- layer  air  to  leak  from  the  pressure  side  to  the 
suction  side  of  the  airfoil.   The  boundary  layer  on  the 
pressure  side  is  thus  thinned  and  on  the  suction  side  is 
further  thickened  with  a  resulting  reduction  of  the  lift 
increment.   The  effect  of  the  gap  on  the  lift-curve  slope 
due  to  angle  of  attack  (dci/da^        is  fairly  small, 

because  the  pressure  difference  across  the  hinge  axis  is 
small.   The  slope  (p'^l/^^^n'      ^^^  consequently  Aa/A5, 

is  considerably  decreased,  however,  because  the  maxlm,um 
pressure  difference  due  to  flap  deflection  is  usually 
located  at  the  hinge  axis.   Pigixre  8  shows  that  a  0.005c 
gap  at  the  hinge  axis  decreases  the  effectiveness  about 
17  percent  for  flap  chord  ratios  of  0.2.   This  reduction 
appears  to  be  larger  for  flaps  of  smaller  chord. 


o 


A  forward  m.ovement  of  the  transition  point  usually 
increases  the  thickness  of  the  boundary  layer  and  thus 
decreases  the  flap  effectiveness   Aa/A5.   This  effect  is 
shown  qualitatively  in  figure  9,  in  which  data  are  pre- 
sented from  tests  v;ith  and  without  the  nose  of  the  air.--'' 
foil  roughened  in  order  to  fix  transition.   The  position 
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of  the  trancition  point  on  the  unrou^hened  airfoil  v/as 
not  deteriiiined.   Some  unpiiblished  computations  and  ex- 
perimental data  indicate  that  a  reduction  ct'   about 
2  percent  in   Aa/A5   for  a  forward  transition  movement 
of  0.1c  may  he  expected  with  sealed  plain  flaps.   The 
effects  of  viscosity  are  usually  greater  '.vith  increased 
thickness  and  beveling  of  the  airfoil  trailing  edge. 
The  effect  of  transition  movements  and  gaps  thus  are 
greater  for  airfoils  with  large  tralling-edge  angles  0. 
Gaps  at  the  aileron  hinge  axis  also  Increase  the  loss 
in   Aa/A6   that  results  from  transition  movements. 


The  effect  of  beveling  the  trailing  edge  of  the 
flap  is  presented  in  figure  9>  iri  which  the  effectiveness 
(Aa/A5) e_QO^Q T  QO   is  shOMm  as  a  function  of  the  tralling- 
edge  angle  0.      Reductions  of  r.bout  O.I4.  percent  per 
degree  of  bevel  for  sealed  flaps  and  of  about  1  percent 
per  degree  of  bevel  for  ujtisealed  flaps  are  indicated. 
The  three-dimensional  data  of  figure  10  shov;  a  decrease 
in  aileron  effectiveness  of  about  O.3  percent  per  degree 
of  bevel  for  sealed  ailerons  and  approximately 
0.6  percent  per  derrree  of  bevel  for  unsealed  ailerons 


10 . 


It  should  be  noted  that,  un.der  some  particular  con- 
ditions, viscosity  may  increase   Aa/Ao   to  values  even 
greater  than  those  for  the  theoretical  thin  airfoil.   The 
explanation  for  this  rather  astonishing  fact  is  quite 
simple.   The  effectiveness  parameter   Aa/A5   is  equal  to 

the  ratio  of  the  lift-curve  slopes   -; ■ — r—  .   If  vis- 

/.         /-.     \  \       '^^        /o 

cosity  decreases   foc^/oa^   more  than  it  decreases 

(do-j/dd^    ,   the  effec^biveness.  parameter   Aa/A5 

is  increased.   For  a  few  conditions,  riiarkedly  lov;  lift- 
curve  slopes  (dci/ba^        occur  over  a  small  range  of 

angle  of  attack   a.   Also,  the  slope   ^■^CJ/6Q^    is  less 

affected  or  is  affected  over  a  different  range  of   a. 
Over  a  limited  range  of   a,   very  large  values  of   Aa/AS 
may  therefore  occur.   A  few  cases  in  which  this  phenomenon 
has  been  observed  are:   (1)  negatively  deflected  ailerons 
at  large  angles  of  attack  near  the  stall,  (2)  so-called 
llnked-balance  ailerons  \?ith  which  a  gap  tliTough  the  v:ing 
occ\irs  v/ell  ahead  of  the  hinge  .axis  and  allows  very  low 
values  of   (icjyda)^,   but  has  little  effect  on   (dcj/d5) 
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near      a   =   0°,      and    (5)    ailerons    on   low-drag  airfoils 
with   larje    trailing-edge   angles,    which  usually  have    a 
very  large   value    of  effectiveness      Aa/AS     near    the   angles 
of  attack  where    the    transition  point    suddenly  shifts   for- 
ward   (near  boundary  of   low-drag  region)    and  causes   a 
break   in   the    curve    of      Cj      against      a. 


Effect   of   Compressibility 

Data  on  the  effect  of  Mach  nijraber  on 
(Aa/Ao)g__^QO^  -jqO   are  shown  in  figure  11.   The  data 

are  rather  limited  and  subject  to  some  doubt  because  It 
Is  extremely  difficult  to  determine  accurately  the  wlnd- 
turxiel  corrections  at  large  values  of  Mach  number.   Cor- 
rections for  model  twist  and  deflections  were  applied  to 
the  data.   Increasing  the  Mach  number  usually  desire;- .■=: -:■? 
creases   Aa/A5.   Prom  figure  11,  It  may  be  seen  that  an 
increase  in  Mach  number  from  0.2  to  O.i^S  reduces  the 
effectiveness  about  7  percent. 

The  simple  theory  of  Glauert  and  Prandtl  indicates 
no  effect  of  Mach  number  on   Aa/A5  because   (dc^/6a^^ 

and  (6ci/6d^        are  ass-umed  to  be  increased  equally  by 

compressibility.   Experimental  data  indicate,  however, 
that   ^^c^/^aV   is  usually  increased  a  little  more 

and  (bcj/f^o^       a  little  less  than  the  Glauert-Prandtl 

relation  would  account  for.   The  explanation  appears  to 
be  related  to  the.  thickening  of  the  boundary  layer  and 
the  transition  changes  that  have  been  observed  at  high 
Mach  numbers.   It  is  believed,  therefore,  that  below  the 
critical  speed  the  main  effect  of  compressibility  j-i 
upon   Aa/A5   is  to  Increase  the  effects  of  viscosity. 


Corrections  to  Lifting-Line  Theory 

The  limitations  of  lifting-line  theory  for  the  esti- 
mation of  aileron  hinge-moment  characteristics  from 
section  data  v;ere  discussed  in.reference  28.   The  aspect- 
ratio  corrections  to  the  hinge  "moment  determined  from 
lifting-line  theory  were  shovm  to  be  inadequate  whereas, 
for  the  cases  in  v/hich  lifting-surface-theory  calcula- 
tions (reference  28)  are  available,  the  aspect-ratio  cor- 
rections to  the  hinge  moment  determined  from^  lifting- 
surface  theory  are  shov.n  to  be  satisfactory.   The  large 
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difforence  between  the  results  of  tht  two  theories  may 
be  illustrated  by  the  fact  that  the  ai"7ect~ratio  cor- 
rections to  the  slope  of  the  c-orve  of  Linge  moment 
against  angle  of  attack  determined  I'roii:  lil'tin^-surface 
theory  are  about  twice  as  grear  as  the  corrections 
determined  from  lifting- line  theory. 

The  aspect-ratio  corrections  to  the  slope  of  the 
lift  curve  against  anglj  of  attack  (references  2Q  and  ^0) 
for  iTiodei'ate  aspect  ratio  as  determined  by  the  lifting- 
line  and  lifting-surface  theories  differ  by  only  about 
7  or  8  percent.   The  aspect-ratio  coi^rectlons  to  the 
daiiiping  moments  of  elliptical  vings  rotating  about  the 
lateral  plane  of  symiiietry  as  determined  by  the  two  tl:ec- 
ries  also  differ  by  only  about  7  or  8  percent  (unpub- 
lished correctfon  determined  by  the  methods  of  refer- 
ence 30).   The  difference  bstv/een  bhe  two  aspect-ratio 
corrections  to  the  slope  of  the  lift  curve  against  flap 
deflection  is  about  3  to  If  pei'cent,  which  is  only  about 
one-half  as  much  as  that   for  the  slope  of  the  lift 
curve  against  angle  of  attack.   This  difference  exists 
primarily  because  the  distance  to  the  three-':iuart3r- 
chord  point  (point  for  best  measure  of  effective  angle 
of"  attack  of  v:ing)  from  the  center  of  load  that  results 
from  aileron  deflection  is  roughly  one -half  the  distance 
to  the  three-quarter-chord  po5nt  from,  the  center  of  load 
that  results  from  changes  in  angle  of  attack.   The  ef- 
fective length  of  the  trailing  vortices  thus  is  less  for 
the  load  that  results  from,  flap  deflection.   It  might 
therefore  be  expected  that  the  aspect-ratio  correction 
to  the  static  aileron  rolling  moments  determined  from 
lifting-surface  theory  would  be  of  the  sam.e  order,  3 
to  Ij.  percent  greater  than  the  value  determined  from 
lifting-line  theory.   In  any  case,  the  afleron  rolling 
moments  debei-mined  from  lifting-line  theory  should  be 
xnuch  closer  tc  the  experim.ental  values  than  the  aileron 
hinge  moments  would  be. 

It  may  be  seen  that  the  section  data  (fig.  1)  and 
the  finite-span  data  vath  the  lifting-line-theory  aspect- 
ratio  corrections  applied  (fig.  2.)    are  in  fairly/  good 
agreem.ent.   Although  there  is  considerable  scatter,  the 
curve  faired  through  the  section  data  represents  very 
well  the  finite-span  data,  especially  for  aileron  chord 
ratios  of  0.2  or  less.   (See  fig.  2.)   An  experimental 
evaluation  of  the  over-all -*ispect-rstio  corrv^ctions  shows, 
on  the  average,  no  serious  discrepancies  (exceeding 
10  percent)  with  the  lifting-line-theory  valiies;  that  is, 
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on  the  averas;e,   K  =  ^  =   1.0.   The  3  or  14.   percent 

Aa/A6 
Increase  in  the  aspect-ratio  correction  that  might  be 
expected  fro'n  a  qualitative  study  of  lifting-surface 
theory  (actual  numei-ical  values  have  not  yet  been  calcu- 
lated) may  either  be  masked  by  the  scatter  of  the  data 
In  figures  1  or  2  or  may  be  coimteracted  by  three- 
dimensional  boundary- layer  effects  or  by  the  effect  of 
the  vertical  location  of  the  trailing-vortex  sheet  (ref- 
erences 28  and  31) . 

Lifting-line  theory  indicates  no  change  in  aileron 
effectiveness  vath  deflection  of  partial- span  flaps. 
Some  effect  might  be  expected  because  of  cross  flow; 
hov/ever,  figui^e  12  shows  that  the  deflection  of  partial- 
span  flaps  generally  has  no  consistent  effect  on  aileron 
effectiveness . 

The  available  data  on  the  effect  of  sv^eep  and  taper 
(figs.  13  and  1I4.)    show  that,  insofar  as  aileron  rolling 
moments  are  concerned,  no  large  corrections  arc  to  be 
applied  to  lifting-line  theory  for  the  effects  of  taper 
and  sweep.   For  wings  of  low  taper  (large  values  of  \), 
it  appears  that  the  aileron  effectiveness  is  slightly 
greater  if  the  wing  is  swept  forward. 


CONCLUDING  REi\5ARES 


The  trends  indicated  by  the  analysis  of  available 
data  on  the  effectiveness  of  ailerons  without  exposed 
overhang  balance  nave  been  summ.arized  in  the  form  of  a 
fev;  approxim.ate  rules  concerning  the  effectiveness 
parameter   Aa/A5   (at  constant  lift):   Thickening  and 
beveling  the  trailing  edge  (as  measured  by  the  trailing- 
edge  angle  ^)    v/ill  generally  reduce  the  effectiveness 
about  0.3  percent  per  degree  of  bevel  for  ailerons  sealed 
at  the  hinge  axis  and  about  0.6  percent  per  degree  of 
bevel  for  unsealed  ailerons.   A  0.005c  gap  at  the  hinge 
axis  usually  reduces  the  effectiveness  about  I7  percent 
for  flap  chord  ratios  of  0.2.   This  percentage  increases 
as  the  fla-n  chord  ratio  is  reduced.   The  effectiveness 
is  about  ll;  percent  lower  at  aileron  deflections  of  '20° 
than  at  aileron  deflections  of  10°.   At  large  angles 


u>- 
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attack  ■ (a  ~  10°)   and  for  chord  ratios  of  about  0.2, 
positively  deflected  ailerons  are  about  20  percent  less 
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effective  than  negatively  del'lected  ailerons.   The  de- 
flection of  partial-GpEn  flaps  has  no  consistsnt  effect 
on  the  eff'ectlvcness .   Increases  in  Mach  nurr.fcer  and  for- 
ward niovement  of  the  transitio:!  point  decrease  the 
aileron  effectiveness. 

Vo   consistent  correction  to  the  lifting-line-theory 
method  of  estimating  aileron  rollin^j  moments  could  be 
detected.   Because  the  several  factors  ns.r^lected  in 
lifting-13ne  theory  apparently  are  fairly  sr.all  end 
counteract  one  another,  on  the  average,  no   additional 
coi'rection  need  be  applied. 


Langley  Llemorlal   Aorcrautical   Laboratcry, 

National   Advisory  Committee    foi'   Aeronautics, 
Langley  Field,    Va . , 
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TABLE  T.-  SUPPLEMENTARY  INFORMATION  REGARDING 
TESTS  OP  TWO-DIMENSIONAL  MODELS 


Model 

Basic 
airfoil 

Type   of  flap 

Air-flow  characteristics 

n  3 

.H    U 

22 

Desig- 
nation 

Sym- 
bol 

r 

M 

B 

1 

o 

NACA  0009 

Plain 

1.95 

0.08 

1  to  5 

2a 

+ 

NACA  0015 

Plain 

1.95 

0.10 

I.I4.   X   10^ 

6 

2b 

/^ 

NACA  0015 

Internally   balanced, 
straight   contour 

1.93 

0.10 

l.k  X   10^ 

8 

3 

X 

NACA  23012 

Plain 

1.60 

0.11 

2.2   X   10^ 

10,11 

k 

D 

NACA 
66(2xl5)-009 

Plain, 

straight  contour 

1.95 

0.10 

1.1+  X   10^ 

5 

O 

NACA 
66-009 

Plain 

1.95 

0.11 

l.k  X   10^ 

7 

6 

A 

NACA 
low  drag 

Internally  balanced 

Approach- 
ing 1.00 

0.17 

2.5   X   10^ 

15 

7 

V 

NACA 

66{2:!cl5)-2l6, 

a  =  0.6 

Internally   balanced 

Approach- 
ing 1.00 

0.18 

5.3   X   10^ 

15 

8 

l> 

NACA 

66f2xi5)-ii6, 

a  =  0.6 

Internally  balanced 

Approach- 
ing 1.00 

O.lU 

6.0   X   10^ 

15 

9 

< 

NACA 

compromise 

low  drag 

Plain 

• 

Approach- 
ing 1.00 

13.0   X   10^ 

10 

V 

NACA 
low  drag 

Internally   balanced 

Approach- 
ing 1.00 

O.llj. 

6.0   X   10^ 

15 

11 

^ 

NACA 

65^1+20) -521 
(approx.) 

Internally  balanced 

Approach- 
ing 1.00 

8.0  X  10^ 

12 

t^' 

*NACA 

66(2l5)-2l6, 
a  =  0.6 

Internally  balanced 

Approach- 
ing 1.00 

0.20 

to 
0.i;8 

2.8  X   10^ 

to      , 

6.8  X   in6 

13 

15 

b- 

*NACA 
66(215)-2l6, 
a   =  0.6 

Plain 

Approach- 
ing 1.00 

O.II+ 

5.8  X   10^ 

12 

Ik 

A 

NACA 

66(2i5)-oiij. 

Plain 

1.93 

0.09 

1.2  X   10^ 

9 

15 

a 

NACA 

66,2-216, 

a  =  0.6 

Plain 

Approach- 
ing  1.00 

, 

6.0  X  10^ 

11+ 

This  designation  has  been  changed  from  the  form  In  which  It  appears  In  reference 
to  the  form  described  on  p.  21a  of  reference  52. 
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